Gynecologic and plastic surgeons collaborate to improve vaginal reconstruction for women with vaginal stenosis and obstetric fistula. As these cases occur typically in low-resource settings, the Singapore flap is a useful technique given its reliability, safety, ease of dissection, and minimal need for additional supplies. The fasciocutaneous flap maintains cutaneous innervation and vasculature and does not require stenting. The surgical collaboration has made it possible to provide functional vaginal reconstruction as a part of the overall care of obstetric fistula patients. The technique shows promise for improving sexual function for women with obstetric fistula and may also enhance healing.
Introduction
A.C. is a 21-year-old woman who developed a vesico-vaginal fistula after obstructed labour in rural Malawi. After three unsuccessful fistula repairs, she underwent a Mainz II sigmoid pouch urinary diversion. Despite gaining continence, approximately 1 year after her repair, she came to a specialized fistula centre complaining of inability to have intercourse and fear of divorce due to severe vaginal stenosis.
In low-resource settings, women develop obstetric fistulae due to lack of timely access to caesarean delivery for obstructed labour. The soft tissue necrosis that ensues can be extensive and the fibrosis that forms during the healing process can cause stenosis of part or the entire vagina. In the last decade, the issue of obstetric fistula has gained much global attention and efforts to offer surgical repair to women have focused on repair of the fistula and gaining continence. However, many women still have sexual dysfunction after surgery.
Vaginal reconstruction after obstetric fistula is unlike most other vaginal surgery due to the extent of scar tissue, lack of plasticity, and the presence of a fistula. Innovations explored for fistula patients include using bowel lumen, island skin flaps, and labial/Martius grafts. 1 Marital status and fertility are closely tied to socio-economic status in many of the settings where obstetric fistula occurs. Therefore, sexual function is a complex issue that deeply affects women's lives on multiple levels.
To further address this issue and to provide better overall functional outcomes to obstetric fistula patients, we use a multi-disciplinary approach, including both gynaecology and plastic surgery.
Methods
Working together, plastic surgeons and gynaecologic fistula surgeons evaluated multiple techniques for vaginal reconstruction that could improve vaginal reconstruction for obstetric fistula patients. We first explored these techniques in a fresh tissue lab in the USA to discuss possible options, anatomy, and surgical technique. It was especially important to identify a procedure that could be safely done in a short amount of time with limited resources. Ideally, it would be a procedure that could be taught to, and reproduced by, other fistula surgeons in the future. The Singapore fasciocutaneous flap was selected as an optimal flap choice, as it met all of these criteria (Figures 1-4) .
The Singapore fasciocutaneous flap is a pudendal thigh flap centred on the labiocrural fold with its base at the perineal body. 2 Cutaneous innervation is spared and the blood supply from posterior labial arteries sourcing from the internal pudendal artery is kept intact. As a locoregional flap, it can be harvested within the same surgical field/prep in lithotomy position under spinal anaesthesia. The flap is robust and reliable and can be dissected without the need for advanced technical skill or microsurgical instrumentation. When done bilaterally, enough tissue can be obtained to resurface the entire vagina if needed. As a well-vascularized flap, not graft, there is less propensity for contracture, so a vaginal mold or stent is not required postoperatively.
The team offered surgery to women who presented to the Fistula Care Centre in Malawi seeking treatment due to difficulty with intercourse from severe vaginal stenosis (see Table 1 ). Vaginal stenosis was defined as a short or narrow vagina causing difficulty or pain on sexual intercourse and/or pelvic examination. All participants gave informed consent to participate. All individuals underwent a screening process and were interviewed on sexual function prior to surgery using the female sexual distress scale-revised questionnaire (FSDS-R). 3 The FSDS-R is a validated tool used to measure sexually related personal distress. Each participant underwent the technique judged best for the type of injury through joint evaluation and assessment. This was a part of a larger study on sexual function for which ethical approval was granted by the IRB of Baylor College of Medicine and the Malawian National Health Research and Sciences committee.
Technique
Participants receive ampicillin and gentamycin prior to surgery. After spinal anaesthesia is obtained, the patient is positioned in lithotomy position. The first step requires incising the bands of scar tissue that are causing the vaginal obstruction. This is continued until there is adequate vaginal caliber and length. Great care must be taken not to injure the bladder, ureter or rectum while trying to create the space for the vaginal vault. In the case of a completely obliterated vagina, this is one of the most difficult aspects of the dissection. Protection of the rectum is attempted through frequent rectal examination to maintain a sense of the proximity to the dissection. A metal catheter is useful in palpating the limits of the bladder. Dye can also be used rectally or in the bladder to identify a perforation promptly.
If a fistula is present, then a standard fistula repair is done.
The remaining vaginal defect is estimated and the decision for unilateral or bilateral Singapore flaps is made. The flap is then centred on the groin crease with its base at the posterior introitus (Figure 1 ). The flap can be up to 6 cm wide by 15 cm long depending on the laxity in each patient and the tissue requirements. The flap elevation is performed by incising the distal tip and the two sides and carrying the dissection straight down to and then through the deep fascia over the adductor muscles. The dissection is then carried out in the subfascial plane in a distal to proximal direction until the base of the flap (Figure 2 , Video S1). The skin at the base of the Singapore flap is then incised and dissection is carried out to only about 1 cm deep into the fat to preserve the blood supply entering the deep surface of the flap. The skin posterior to the flap is then undermined for several centimetres to allow for mobilisation and transposition of the flap into the vagina. The labia are then elevated with a combination of blunt and cautery dissection from the pubic rami at the level of the periosteum, creating a tunnel wide enough to allow transposition of the flaps avoiding strangulation (Figure 3 , Video S1).
In cases with severe scarring, an episiotomy is required to gain adequate exposure. If this is done, the flap can be directly transposed into the vagina through this defect. Although this changes the cosmetic appearance of the perineum, it does allow for transposition of a large amount of healthy tissue into the area without compromising the blood supply.
After transposition, the flaps are inset using interrupted 3-0 polyglycolic acid lateral or distal to the donor site and undermined at the level of the fascia until the groin donor site can be closed without undue tension. The skin is left intact inside the vagina; however, any skin that might remain within the tunnel, if applicable, is superficially excised to avoid necrosis. The closure is performed with 2-0 polydioxanone (PDS) or vicryl in the superficial fascia, 3-0 interrupted vicryl or monocryl in the dermis, and interrupted 3-0 or 4-0 nylon in the skin (Figure 4 , Video S1).
The incisions are dressed with antibiotic ointment and a vaginal pack with antibiotic ointment is placed, which is removed the following day. Bedrest is encouraged for 24-48 hours after surgery, at which time ambulation is permitted; however, sitting is not encouraged until 5 days. After complete healing at 4-6 weeks, each patient is given a silicone vaginal dilator and water-based lubrication and instructed on its use. However, as previously mentioned, no stent or mold is required immediately postoperatively. The women are asked to return for their routine postoperative visit in 1 and 6 months ( Figure 5 ). 
Results
Five women received Singapore flaps for vaginal reconstruction. The mean age was 26.2 years. At baseline, all women had functionally occluded vaginas and demonstrated sexual dysfunction due to pain or inability to have intercourse. The average FSDS score was 42, with a score of 11 indicating dysfunction (Table 1) .
Three patients underwent a unilateral Singapore flap, and two underwent bilateral flaps. One patient required concomitant vesico-vaginal fistula repair. One patient required vesico-vaginal fistula repair, rectovaginal fistula repair, diverting colostomy, and gracilis flap due to severity of scarring. The gracilis flap was used for additional healthy tissue for a larger defect and more severe scarring than noted in the other patients. Average operative time was 3.1 hours.
Complications from surgery included one patient who required general anaesthesia to complete the gracilis muscle flap after her spinal anaesthetic dissipated. One patient was still incontinent after the index surgery due to a residual small vesico-vaginal fistula, which was successfully repaired at a later date. Two of the five patients had minor external wound breakdowns, which healed secondarily with local wound care.
Six months after surgery, most women have resumed sexual intercourse with a significant decrease in symptoms of dysfunction, reflected by average FSDS score of 5 (two patients were still recovering from follow-up procedures and are not yet sexually active, whereas the other three reported activity). Whereas all patients had functionally occluded vaginas prior to surgery, the average dilator size at 6 months after surgery was 3.8. Pliability and distensibility of the vaginal lining was noted on examination in all patients, so they have been provided with progressively larger dilators each month as desired/tolerated.
Discussion
Women with obstetric fistulae have severe scarring and fibrosis in the pelvis from secondary healing of necrotic bladder and vaginal tissues. This process leaves them with not only a fistula between the bladder and the vagina but, in some cases, also a lack of viable and distensible vaginal lining and bands of scar tissue that can occlude the vagina. Surgery to repair the fistula may cause further scarring and make the vaginal caliber even smaller.
Literature on vaginal reconstruction for women with vesico-vaginal fistulae is scant. The literature from highresource settings is mainly focused on post oncologic reconstruction, radiation damage or congenital anomalies. Given the significant differences between these patient populations and obstetric fistula patients, this literature is of limited use.
The use of the Singapore fasciocutaneous flap for our small preliminary group of patients with severe vaginal stenosis secondary to vesico-vaginal fistula was a useful adjunct to help restore sexual function. All women in our series had a significant decrease in FSD scores and a documented increase in vaginal caliber.
Although these procedures are longer than the typical surgery for vesico-vaginal fistula repair, most of the time they can be done with the same set up and the same spinal anaesthetic. There were minimal complications, mostly involving small wound healing, which healed with conservative wound care. Correcting the vaginal stenosis at the time of fistula repair may avoid the need for additional surgery in the future. In addition, adding a healthy additional anterior vaginal lining will take tension off of the vaginal layer of the fistula repair and could potentially decrease fistula recurrence and incontinence rates. Our small initial series cannot demonstrate this yet, and it will be part of our investigation going forward.
One of the participants required a gracilis flap. Although the indications for a gracilis muscle flap are different from that of a Singapore flap, they are often used in conjunction with one another, as the gracilis muscle adds additional blood supply and healthy tissue and is also useful in addressing the continence mechanism, for example when reconstructing a urethra. The Singapore flap, however, contributes the protective subcutaneous fascia and skin layer and relieves the tension needed when covering the repair.
Given that all women at baseline complained of the inability to have intercourse due to nearly or completely occluded vaginas, achieving improved FSDS scores and the resumption of relationships is seen as a success of the surgery. As an example, our initial patient (A.C.) reports no sexual dysfunction and overall has a renewed outlook on life.
We plan to continue our use of Singapore flaps for vaginal reconstruction in obstetric fistula patients and prospectively to collect data and evaluate the outcomes with a larger series of patients.
Conclusion
The Singapore flap is useful for vaginal reconstruction in these obstetric fistula patients with vaginal stenosis and sexual dysfunction given its reliability, safety, ease of dissection, and minimal need for additional supplies. Our collaboration between gynaecology and plastic surgery has made it possible to provide functional vaginal reconstruction as a part of the overall care of obstetric fistula patients even in a low-resource environment.
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